
Teachers used the media that
best supported the learning
goal.

Annually at each site, new
technology was available
and project goals changed
somewhat.

Because not all teachers
were involvedallfive years
ofthe study, we viewed data
collective(v, documenting
overall shifts.

APPLECL~ROOMS OF TOMORR<W

This qualitative srudy utilizes data from 32 elementary and secondary teachers in five
schools located in four different states. The ACOT classrooms represent the diverse popula·
tions and conditions found in contemporary public schooling. fuch of these sites began with
one classroom in the fall of 1986, adding classrooms, staff. and srudenrs in subsequent years.

SIte 0 ..... Teach.... Studente Communlty'Soclo-konomlc ......
1 1-4 8 180 SuburtJanlHigh Ircorne

2 5-6 7 180 RuraliMiddle Irmre

3 4-{i 4 00 Inner-Gity!lCJN Irmre

4 4&Sp. Ed. 4 80 SuburtaHJrIm/low-Middle Incorre

5 9-12 9 120 UrIm/low-Middle Irmre

Table 1. tbe status ofeach ACOTstudy site in the spring of1990.

The elementary classes are equipped with Apple lIe, IIGS, and Macintoshilll computers.
The high school is an all Madntosh installation. In addition to the computers, classrooms are
equipped with printers, scanners, laser disks and videotape players, modems, CD ROM drives,
and hundreds ofsoftware titles.

The tedmology is used as a tool to SUppotl learning acrnss the curriculum. No anempt
is made to replace existing instructional technologies with computers. By design, the class­
rooms are true multimedia envirorunenrs where srudenrs and teachers use textbooks, work­
books, manipulative math materials, white boards, crayons, paper, glue, overhead projectors,
televisions, pianos; as well as computers. The operating prindple is to use the media that best
supports the learning goal.

The ACOT project provides avariety ofsupports for teachers with the goals ofin<.Te3Sing
teachers' knowledge oftheories on teaching and learning, expanding their technical exper­
tise, and encouraging them to share acquired knowledge and skills. This support ranges from
holding conferences and training workshops to providing technical equipment and profes­
sional release time. In addition, all sites are linked by a telecommunications network, called
AppleLink~ that perrnirs teachers to communicate with teachers at other sites as well as the
Apple ACOT staff
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The relationship between
teacher interaction and
instructional activities are
investigated.

Five stages ofinstructional
evolution are tdentified
as Entry, Adoption,
Adaptation, Appropriation
and Invention.

In the entry stage, teachers
had little or no computer
experience anddidn't want
to change instruction.

Atfirst, teachers used tech­
nology to replicate tradition­
al /earning activities.

APPIi CL\SSROOMS OF TOMORROW

The sources ofdata for this study, covering from October 1985 throughJune 1m,
include weekly reports sent via electronic mail; correspondence between sites, and bi­
monthly audio tapes on which teachers refiected about their experiences. Although this
study does not include observational data, systematic observations by independent
researchers sUppol1 the self-repon data reponed in this investigation (Gearhart, Herman,
Baker; Novak, &Whittaker, 1m; TIerney, 1988).

The data have been divided into two databases, which together have nearly 20,rol
entries. Arelational database, DoubleHelix, allows the dara to be organized in anumber of
ways (e.g., by teacher, by school site, by dates, by thematic categories). Because the project
spans five years, some ofthe teachers represented in the database were not involved for this
entire time. Thus, simply examining individual teachers' data in terms ofchronological dates
could be misleading. At some sites, teachers worked with the same group ofteachers and
students over several years, while at other schools the key players changed more frequently.
Each year ofthe project brought about additional changes in site organization, in the types
ofaV3ilable equipment, and in project gooIs. Rather than examiningchange within individual
teachers over time, we viewed the data collectively, documenting general trends related to
collegial interaaion during the evolution ofthe project. (For athorough discussion ofthe .
dara collection strategies and methodology used in this study, please see Dwyer, Ringstaff,
Sandholtz, Keirns, &Grant,1m).

Teachers already
enjoying collegial
interaction use neW
technology more
quickly.

Innovation & IlIIerQi;tion/4



Ear~v teacher interaction
was informalfor emotional
support.

Using technology increased
interactions as teachers
sought technical helpfrom
each otber.

--

This repon deals primarily ~ith the collegial interaaion among teachers rather than
instruaional changes. However, the two areas are closely related. Figure 1displays the new
panerns of teaching and learning that emerged over time. This progression can be viewed
as an eVolutionary process similar to other models ofeducational change (e.g., Berman &
Mclaughlin, 1976; Giacquima, 1973; Gross & Herrion, 1979). The five stages ofinstruaional
evolution in the ACOT classrooms include: Entry, Adoption, Adaptation, Appropriation, and
Invention. In this model, text-based curriculum delivered in alecture-recitation-seat work
mode is first strengthened through the use of technology and then gradually replaced by far
more dynamic learning experiences for the students. (For amore thorough treatment of the
changes in instructional practices, see Dwyer, Ringstaff, & Sandholtz,l990).

Ph...
.' Inatructlolud

Technologr ......., Outcome

•

Sharing experiences through
electronic mailprovided
otber opportunitiesfor
teacber interaction.

8ntry

Adoption

AchIptation

~I

Invention

r::I ~ ~
~-~-~

r::I ~ ~
~-~-~

r::I ~ ~
~-~-~

~L
""'"'''''''' ..

H"'" r'""",,_ ~ PI3'1 & ~ ~ Social & ~
"'~ ...- L~~.) .....- L.~~.. j
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Figure 1: Instructional Evolution in Technology-Intensive Classrooms
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Teacher interactions started
shiftingfrom offering
technical help to sharing
instruction strategies.

Collaboration on instruction
emerged when teachers
l'entured beyond using the
computerfor drill-and­
practice.

Feeling comfortable with
increased interaction,
teachers started to observe
each other's teaching
methods.

When teachers began using
technology effortlessly as a
tool, their roles shifted
noticeab~v.

•

Instructional Coil.....
Ph... Interaction.............................................................................................................................

I Entry • .. I • Emotional Support I
~

Adoption • .. • Emotional Support
• Technical Assistance

~
Adaptation

-I • .. • Emotional Support
• Technical Assistance
• Instructional Sharing

~
Appropriation • .. • Emotional Support

• Technical Assistance

~
• Instructional Sharing
• Collaboration

Invention

Figure 2: The relationship between Instructional Evolution and Collegial Interaction
ofTeachers

Figure 2depicts the relationship between the instructional evolution and the collegial
interaction of teachers. Corresponding to the gradual instructional shifts are changes in the
frequency and form ofcollegial interaction. At the beginning ofthe project, interaction was
infrequent and focused on emotional support. Over time, teachers' interactions shifted to
include technical assistance, instructional.sharing, and, evenrually, formalized collaboration.

Categortes of Col...... IntenIctIon
ErnOOonaI~ Staing fnSrliiors Di 51 rmtW.1Jl]VdrQ mmJQlITllD

Tochnical AssisIml Managing lIlUipnei, lfling lIlUiImJt, kx3ing solIwere, lfling softw;re, lBIling
with limlical problems

II1SIn.IcticmI Sharing

ColliDllaioo

Discussing instl'1J:tiooll straIegies, st&ing ideIB, observing inslnJdioo

Joint plcmirlg. tIBT1l1B:hing.~ new I1lihods.
interdiscipliray lIB:hing

APPlE CIA'iSROOMS OF TOMORROW'

Table 2summarizes the main differences among the categories ofcollegial interaction.

The following sections briefly summarize the changes in instructional practices during
each stage, and describe the accompanying changes in collegial interaction among the
teachers.

InnOt'ation & Interaction.



'veil' instructional patterns
emerged.

Teachers began to rejlect and
question oldpatterns.

The most interaction
occurred at schools where
team teaching was
formalized.

Team teaching created
friction because of
differences in personalities,
technology know-how and
teaching styles. including
grading and discipline.

.-\PPLE Ct\SSROO~1SOF TO~IORROIXi

InstntctionalActil'ities In the entry stage of the project, :\.COT teachers had little or
no experience \\ith computer technology and demonstrated little inclination to significantly
change their instruction. The first weeks ofthe project involved transforming the physical
emironment of the classroom - unpacking boxes. running extension cords, untangling
cables. inserting cards, formatting disks, checking out home systems. Once instruction
began, e.xperienced teachers faced ~pical first-year-te'Jcher problems such as discipline.
resource management. and personal frustration. (See Sandholrz. Ringstaff. &O\\~·er. 1990.
for afull cliscussion ofclassroom management issues.) Teachers began using their techno­
logical resources, but simplY to replicate traditional instructional and learning acti\ities.

leacher Interaction During these first few weeks. teachers had little time for collegial
interaction even though thesupports for such interaction, such as professional release tin1e.
training workshops, and a telecommunications network between sites, were available. :\s
the year progressed, the frequency of interaction among teachers increased. but exchanges
remained informal, and focused on emotional support; as teachers shared their frustrations
and successes.

InstroctionalActil'ities ;\5 teachers moved into the adoption stage, their concerns
began to shift from connecting the computers to using them. Teachers adopted the new
electronic technology to support established text-based dIill-and-practice instruction.
Students continued to receive steadv diets ofwhole-group lectures, recitation. and indi\idu­
alized seat work. Although the physical environment had changed, the instructional strate­
gies remained the same, just using different tools.

leacher Interaction As teachers began to utilize the new technology in their instruc­
tion, their interactions increased but revolved around providing technical assistance.
Teachers in project classrooms, both \\ithin and across sites, shared strategies in areas such
as managing the equipment and lcx:ating relevant software.

Formal meetings among the projex.1 teachers at each site provided opportUnities for
sharing experiences and ideas. Teachers also began using the AppleIink telecommunications
network to submit weekly reports and to communicate with teachers at other sites. Those
\\ith less computer expertise approached their colleagues for assistance and capitalized on
opportunities to learn from each other.

16u've cleared up a lot afquestionsfor me. Jdidn't know [could send anything but
.Hicrosoft Word OL'er .ippleLink..Im stillpretty newatthis. (SL, 11259. 10/19188)1

[found out that the kids had put their database infonnation together: and Isaw the
same entries in my comhined database. Cnfortunate~v, Idzdn't know u'hich student did
ll.'hat entries because [just dumped all ofthefiles into my database. [.-mother teacher]
told me how Ican put the student's name in a column and then know what data
belongs to what stu.dent. (AT. T-l6. 10/30/87)

Technical assistance among the te'Jchers helped them to adopt the new technology and
to begin to utilize it in their instruction. even ifsimply as asupport for their previous instruc­
tional style. Conversely, because the teachers began to accept the innovation, they had ques­
tions and concerns which compelled them to .seek assistance from their coUeagues.

I The lniuaJs follo\\m~ each u:l!1scnpuon rcler {" In.: ~ '11ft ~ Imrenal.·.\T" for lUetiO I;)pe.'',Xl"' for weeklv link. rhe ,\pplelmk rep' 111,

e-Jch ACOT re"Jcher submIlleQ on J \\ttkll hJ.'L'. jntl 'L " ,r 'ilC link. J 'pomaneous message:il.>o sem Vla the .\ppldink c1t'Crronlc
nerwolk
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While teachers agreed in
prindpie dUring planning,
their differences became
obvious when they taught
together.

Some enjoyed collaboration,
while others were reluctant
to lose autonomy.

Secondary teachers bad a
harder time making the
transition to team teaching
tban elementary teachers
because ofa stronger sense
ofownership ofsubject
matter.

APPLE ClASSROOMS OF TOMORROW

:,.L'pr,3<:;·:-n::!"" stn~~ ~iundl Shari"9
InstruaionalActivities The adapt2tion phase brought changes in the effidency ofthe

instructional process. Studems' produaivity increased in avariety ofareas. For example, stu­
dems completed aself-paced math curriculum in significamly less time rhan usual, allowing
teachers ro eng<Jge studems in higher-order learning objectives and problem solving. Many
students also completed wrinen as..'ignments more quickly, 'Nith greater fluency, and willing­
ly reworked their papers. According to one study, students nor only produced more wrinen
work but the quality improved as aresult ofcomputer accessibility (Hiebert, 1987).

Teacher Interaction During this phase, teacher interactions began to shift from offering
technical assistance to sharing instructional strategies. Collaboration on instructional topics
emerged when teachers ventured beyond text-based driII-and·practice, and experiment2tion
'Nith new applications motivated them to share their endeavors 'Nith other teachers and sites.

The kids are transposing their music into Logowriter language using sub and superpro­
cedures. We then got into doing shapes which resulted in animation. we're using Turtle
Graphicsforgraphics andanimation, also including sound effects. The kids love it; they
worked solidly at it. It was amazing what tbey all came up witb; tbey work in coopera­
tivegroups so no onegets left out. I'd /ike to share this with [another] site that basa sixtb
grade. I'd like to get more communication between the two. (AT, 3432, 2/15188)

Teachers continued to communicate directly ro otherACOT colleagues rhrough the net·
work, and offered unsolidted assistance in response to weekly reports published on the net·
work. No. several sites, teachers decided that the benefits ofcross-site communication should
be extended ro the students as well, and they arranged for spedfic days when the students in
their classes could "chat" using telecommunications. Others set up formalized '~pIeIink

pals" arrangements that lasted throughout the school year. Students not only sent electronic
mail, but also videot2pes so the AppleIink pals could see each other in the classroom setting.
One teacher arranged for students to correspond 'Nith students in Sweden, leading teachers
at other sites to request similar opportunities for their classes.

As teachers began to feel comfort2ble 'Nith increased interaction among both students
and teachers, they St2rted to observe each other's teaching methods, as oppao;ed to simply
discussing their instructional ideas. Previously, very few teachers had obsenJed other cJass.
rooms, and when they did, the primary Plll'paie was to learn more about the technology
rather than to garner instructional ideas.

Irealizedafter this conference that Ineed to share with the other math teachers what we
are doing with tbe graphic calculator and to extend the program to more tban the
ACOTclasses. (AT, 5863, 12/11188)

:\ppro pr!.oJ t ;).-, c,: ;oj ',}\',i"d (; '.:'"

InsJructionalActivities As teachers evenrually reached the Appropriation phase - the
point at which an individual comes to underst2nd technology and use it effOnJessly as atool
to accomplish real work - their roles began to shift noticeably and new instruetional pat­
terns emerged. Team teaching, interdisdplinary project-based instruction, and individually­
paced instruction became more common at all of the sites. To accommodate more ambi­
tious class projects, some teachers even altered the master schedule.~ma;t impor­
tant in this phase was an increasing tendency amongACOT teachers to reflect on teaching,
to question old panerns, and to speculate about the causes behind changes they were seeing
in their students.

Innovation &InteractWnl8



Obstacles were overcome
by arranging time to do
cooperative planning and
locating offices near
classrooms so teachers
had more contact with
each other.

Teachers learned bow to
effectively prioritize, set
goals and create lessons so
colleagues understood what
needed to be done.

Successful teams resolved
personality and teaching
style differences.

APPlE ClASSROOMS OF TOMORR(N'

1eacher Interaction Along Vi1th the new instructional pauerns came increased collabo­
ration on instructional topics. The greatest degree ofinteraction occurred at sites that decid­
ed to formalize team teaching arrangements, adecision which was made by the teachers
themselves rather than being imposed by district or school administrators. Given the differ­
ences at each site, team teaching configurations varied in the number of team members, stu­
dent grouping5, interdisciplinary approaches, and grade level assignments. As the benefits of
team teaching became more apparent, ACOT staffencouraged this arrangement at all of the
sites.

In the beginning, reachers frequently viewed team teaching as agreat deal ofadditional
work for relatively little gain. Some ofthe primary obstacles included differences in personali­
ties, technical knoViiedge, teaching styles, grading polides, and approaches to discipline. For
some teams, personality differences created only minor problems as the teachers came to
know each other beuer. However, other reams found that personality problems carried over
from year to year and became extremely divisive.

[One teacher} is not an e~ person to talk with - he is always sure what he is doing is
right. I'm not rea/~v sure what my role is sometimes. .. so we need to work this out. I
wonder ifthe other sites have these personalityproblems? (AT, 7127, 9(27/88)

I mustsay that the team teaching approach seems to create somefriction; jealousies
seem to arise when one teacher thinks another teacher is doing something that makes
him or her look good and the other teacher look bad. I think it is unfortunate. ~ should
dismiss ourpersonalities and subjectivefeelings about things andget on with teaching
Ifwe let students and their learning comefirst, everything else wouldfall into place. (.\T.

7539, 12/13/88)

Differences in technical knowledge among teachers also led to conflicts and feelings of
competition.

As things become more competitive in terms ofthe use ofequipmentandsoftware, and
as some ofus have become more competent, some ofthose who have been the "kings'
have been challengedand are reacting in unfortunate ways which is creating some ten­
sions. (AT, 610,11/17189)

Teachers found it easy to agree in prindple as they planned collaborations. However,
when they begm teaching together, differences became more obvious. One such difference
was teaching style. One ream teacher believed in allowing students enough time to finish an
assignment, while the other stuck to apre<ierenruned time schedule. Anodler team discov­
ered they held divergent views abour the struaure ofmathematics and their approaches to
answering students' questions.

I'm also trying to impress on him that math is notjust the calcuiating in the problems he
gives. The thinking process ofsetting it up is math, too. (AT, 412, 4127/)0)

He answereda lot ofquestionsfor the students. The onlyproblem is he'll sit down and
do it, not tell them how to do it. (AT, 458, 5/16190)

like many teachers, ACOT teachers felt stronglyabout their teaching philooophies and
styles. Consequently, they were resistant ro changing their ovm style and were hesitant to
impale their technique on other teachers. 'While some teachers enjoyed working closely
v.ith coUeagues, others were reluaant to relinquish their autonomy.
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Varying teaching approaches
couid be complementary
and beneficial to student
learning.

Team teachinggave
moreflexibility in grouping
students and made it
easier to spot students'
misunderstandings.

The team approach allowed
one teacher to be absent
without throwing instruction
offschedule.

•

ApPlE CL-\SSROO~1S oFTo~ORROW

J/ovingfrom an independent teacher to a team teacher ll'ithout much preparation con·
tributed agreat deal to myfeelings ofaimlessness and lack ofcontrol. It worked but f
was uncomfortable ll'ith it. Ifeel better about being in charge ofteaching and the cur·
riculum. (AT. 6052, 12/11/86)

Some found they were defining their team teaching roles differently. One teacher felt
it was okay to work on individual projects or to leave the room when the other person was
·'teaching."' The other teacher felt a team approach involved more than asimple division of
responsibilities.

Those opportunities to fit things together don't come up unlessyou're right there in the
classroom paying attention. Hefeels ifI'm teaching there's no needfor him to be there.
(AT, 220, 1012~/89)

Inevitable differences in discipline and grading polides created initial obstacles to team
teaching. Some teachers believed in making computerized summaries ofscores and grades
available to students while others felt such a policy created competition and emphasized
grades over substantive learning. Teachers also expressed frustration over varying approach·
es to classroom management and discipline.

Idon't beliel'e that her standards ofdiscipline were the same as mine. She was very
patient with the children and didn't use discipline techniques. Their behador teruied to
get out ofhand before she brought them hack, whichfrustrated me. (AT, 1392, 6/13/)0)

Elementary teachers tended to exhibit less o\\lnership over subject matter and frequent·
ly had prior experience working together. At the secondary school level, teams had to break
through the boundaries ofestablishedsubject matter, and overcome the independent orien­
tation ofthe teachers. Team teaching also requires planning time during the school day, but
elementary school teachers typical1y do nor have adaily preparation period, making it-diffi­
cult to set up acommon planning time. ill addition, aschool's physical layout sometimes
hinders the opportunity for spontaneous interaction and cooperative planning. While some
teams were able to overcome the obstacles inherent in team teaching, others eventually
reduced the amount of team teaching or dropped the arrangement altogether.

1reallyfeel betterabout being sole~v in charge ofmy oum classes. Now when 1come in
at offhours to work 1know that I'm workingfor myself }fJu just don'tfeel the same when
it's a team. Ineed to feel that student perfonnance results directly from my teaching
(AT, 6057, 12/11186)

The sites that continued \\lith team teaching found various ways to overcome the obsta­
cles. Proximity between classrooms and offices facilitated greater contan among teachers.
Cooperative planning was facilitated by allowing teachers regularly scheduled time during
the school day for meetings.

The fact that we can sit doll1'1, coordinate lessons, andget a chance to talk is a very
important thing to what it is u'e are trying to do out here. Ineed to campaign that all
teachers should have that time to coordinate with a team teacherand how important
tbat is to the learning process. (AT. ll·B. 11;9189)

Teachers also became more profidem at using available time for planning. They learned
how to prioritize, set goals and block out lessons so both team members understood what
needed to be done. Having the time to plan eased tensions.

Successful teams also resolved personJlity differences and reached consensus about
individual teaching styles, discipline policies. and the definition of team teaching. Although
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Cross disciplinary teacbing
belped students understand
how subjects are integrated
in the real world.

Students taught by teams
could bandle more
admnced material tban
students in traditional
classes.

The ACOT team teaching and
interdisciplinary approacb
became a modelfor botb
schools and districts.

.-\PPI.E CLJ,SSROO~ OF TOMORROW

problems reappeared periodicallv, these teams managed to reduce competition, and draw
upon one another's areas ofexpertise and specialized knowledge. Those teachers who con­
tinued with team teaching began to reap the rewards ofcollaboration. They developed a
strong camaraderie and gleaned support from one another.

It is so nice, ltben you are baving a stressful day, to bave someone tbinking aboutyour
needs. In a normal teaching situation, no one UJould even know what your needs are.
(AT. 100,8129/89)

Teachers discovered ways to connect and improve u(Xln activities and strategies they
had tried individually, and found that their varying approaches could be complementary, and
benefit rather than hinder student learning.

[The other team member] was telling me tbat she was real(v impressed witb tbe different
way Icovered tbe use oftbe trigfunctions today and bow well tbat complemented ubat
sbe bad done. She tbougbt tbe kids would come away witb a better understanding. (AT.
1139, 11/7/89)

The team approach also allowed more flexibility in grouping students. For example,
one teacher could take small groups to the biology lab while the other remained in the class­
room, decreasing the amount of lab equipment needed and making it easier to monitor stu­
dents and aruiwer questions. Other teachers tried asimilar strategy with the chemistry class.
Within the classroom. teachers could work v.ith smaller groups requiring help in particular
areas, and vary their teaching assignments for different groups.

Iam pleased witb tbe way Algebra 1has turned out. ~ have tbe students u'Orking in
tu'O groups, and we switcbedgroups tbis week. She wasgettingfmstrated witb tbegroup
sbe had tbatjust didn't follow tbrougb. SO it was agood ideajust to shift to keepfrom get­
ting burned out on onegroup. This wouldn't have happened in a regular classroom.
(AT. 7771. 2/28/89)

The teachers also re(Xlrted that teaming increased what teachers were able to accom·
plish during aclass perioo and made it easier to spex patterns ofstudent misunderstanding.

We bad tu'O pages ofrequestsfor individual attention on oursign-up list. That's 60 ques­
tions out ofa class of30 kids. There is no way you could do that in aperiod with one
teacher. (AT,3659, 1114/88)

When ateam member was absent. the instructional program continued on schedule­
unlike what occurred previously v.ith substitute teachers. Teachers felt more comfortable
about attending professional conferences scheduled during the school year.

~

The team teaching arrangement allowed teachers at all grade levels to develop and
implement interdisciplinary curriculum across avariety ofsubject areas such as math/sci­
ence, life skillslEnglish, history/1iterature. Teachers also combined anumber ofsubject areas
intO one class; for example, aclass called "Strategies" induded math computation, problem­
solving, science, and health. Throughc~plinary teaching, students started to under­
stand the integration among subjec1 areas. instead ofviewing them as separate, unrelated
subjects.

The students don't differentiate betu'een math andscience now. It is exciting to have an
opportunity to work in an interdisciplinary way. (AT, 240, 11/14/89)
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Using technology drove
teacbers to he more collegial
and share instruction.

Teachers who already
enjoyeda high level of
collegiality embraced
innovation in tecbnoJogy
and instruction more
quickly.

The view tbat team teaching
is more demanding tban
beneficial changed.

Team teacblng led to cross
disciplinary instruction
benefitingstudents and
teachers.

ApPI.E ClASSROOMS OF TOMORROW

In the course we are teaching - American literature and history together- the students
are really putting the two together . .. it will help them /earn two areas which in the past
students thought were boring Now they are thinking and asking questions about it. (AT,
1, 10;7188)

Teachers discovered that their team-taught classes could handle more advanced materi-
al than students in traditional classes.

(One teacher! sees agreat difference in the amount ofunderstanding the ACOTstudents
have as compared with the students in his two regular classes that do not bave the luxu­
ry ofthe teaming approach with the mathematics teacher. (WL, 10190, 12/12186)

Amath!science team found they were teaching concepts that other science teachers
avoided because they believed the students couldn't do the math involved. The integration
also helped the math/science tearns in their goal ofhelping students to develop problem
solving skills in mathematics rather than simply seeking solutions.

In the past, students have hada bard time determining which trigfunction to use to
solve the triangle, no matter bow much wego over it. Now they see it in math and
physics classes. (AT, 236, 1118189)

The teachers noted an increase in their own enthusiasm and knowiedge as they became
involved in interdisciplinary teaching. At the secondary level, the ooundaries between sub­
jects started to diminish, and teachers begm to seek out instructional resources and oppor­
tunities in other subject areas.

Team teaching is interesting because I concentrate on math, buJ I try to think ofthe sci­
ence applications ofit. I lookfor more ideas and materials than Iwould as a solitary
teacher. (AT, 238, 11/10189)

At one site, the team teaching and interdisciplinaryapproach developed by the project
teachers became amodel for classes throughout the school and district. Aprincipal ar anoth­
er high school in the distria, highly impressed with the approach, located funding to modify
the model and develop cunicuIum that could be replieued in other urban schools - even
those without access to technology.

,~ .. J

This study points out the symbiotic relationship between innovation and collegial inter­
action. The innovative, high-access-to-technology classrooms drove teachers to more colle­
gial interaction and instructional sharing. But teachers who alreadyenjoyed ahigh level of
collegial interaction embraced technological innovation and implemented new instructional
strategies more quickly.

The instructional changes among the teachers corresponded c1a;eIy with changes in
collegial interaction. In the entrystage of the project, the teachers demonstrated little
penchant for Significant instructional change, and their collegial interaction was infrequent
and focused on emotional suppon. In the adoption stage, teachers used the technology to
supporr traditional instructional and learning activities; collegial interaction increased but
induded primarily technical assistance. The adaptation phase brought changes in the
efficiency of the instructional process, and the suhsrance oftheir interactions induded the
sharing of instructional strategies. As teachers eventually reached the appropriation phase,
their roles shifted and new instructional patterns emerged. Similarly, teachers engaged in
greater collaborarion aOOut instructional topics. At many sites, the increased collaborarion
led to team teaching and interdisciplinary instruction.
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Change happensfastest
when innovation and
collegial interaction happen
simultaneously.

Significant change won't
occur simply by giving
teachers computers.

Innovations introduced
at one level are likely
to fail. Innovations must
be systemwide and
simultaneous.

APPLE ClAssRooMs OF TOMORROW

At first, teachers viewed tearn teaching as more demanding than beneficial. But as sites
continued with team teaching and found ways [Q overcome the inherent obsracles, the bene·
fits began [Q emerge. Eventually, team teaching led [Q cross-disciplinary teaching which held
additional advantages for both teachers and students.

Adva,,-- of team teaching
• Stwed responsibilities
• 11'ICleaS8l~, eothuSia'lm ald support
• Development of mities based on m:tler strengths
• DeYetoprrenI of rew ideas and lea:hing methods
• Utiliziiion of apprlB:hes Ita prCllT1Cte student unde!strlding

• II'ICleaS8l individual help for sIuderds
• II'ICleaS8l flexibility in groupillg students
• Increased amount a:complished during ems lBiod
• Greater ease in identifying student misun<B'stl1ding
• Continuity of instM:tionai proglClTl when ore m:tler is Deft
• Development of C!I1 interdisciplinal}' curria.J1um
• Grealer student ability to handle rmre~ maIeriaI

Table 3

This paper highlights four main issues relevant to practice and research. First, the
adoption of innovation and the creation ofacollaborative environment are complementary
conditions for change. Individuals interested in school change need not focus only on one
condition. Change occurs most quickly in environmenrs where innovation and collegial
interaction are operating simultaneously, each enhandng the other.

Second, in line with the beliefs of those anempting to restructure schools (DdVid, 1990;
David, Cohen, Honetschlager, &Traiman, 1990), our reflections on the ACOT experience
support the idea that strucrural and programmatic shifts in the working environmenrs of
reachers who are adopting innovative technology are aitical. The nationwide movement
[Qward restructuring the entire school system - induding the curriculum, the way studenrs
are taught, and the way schools are governed --5eeks [Q attack the problem ofchange from
multiple levels simultaneously. Unlike previous reform effi:>rrs, the reconstruction movement
acknowledges that innovations introduced at onlyone level of the system are not likely to
succeed.

Lasting, significant change will not occur simply bygiving teachers the latest teehncr
logical tools. Rather, teachers must be provided with on-going support which is available only
ifme larger system in which mey are working changes as well. Organizational supports for
ACOT teachers induded training workshops, technical support, release time for confer­
ences, extra time for joint planning and tearn reaching, atelecommunications network that
allowed inreraction across sites and with the ACOT project staff, and the opportunity for rou­
tine peerobservations and group discussions. One site was even allowed by the school and
distria to alter the master schedule.

Third, not only can restructuring enhance the adoption and integration oftechnology­
or any innovation, for that maner-but the introduction oftechnology [Q schools can act as
acatalyst for change, therebyenhandng restructuring effi:>rrs.

In the case ofACOT, the introduction ofrechnology had adirect impact on the way
reachers worked with one anomer: there was more emotional support, more sharing of
instructional ideas, and more collegial interaction because teachers sought each omer out in
their arremprs to adapt to their innovative classrooms. Perhaps, in the scheme ofthing'l, this
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The introduction of
technology can be a catalyst
for change.

Change is slow, so schools
must take a long.tenn
perspective.

Teachers won't commit to
innovation until it makes a
positive impact on their
practice.

APPlE CI.o\SSROOMS OF TOMORROW

is arelatively small change, but the reduction ofteacher isolation is an important part of
restruauring.

Fmally, the experience ofthe ACOT project demonstrates the value of raking a long­
tenn perspective on change. Data from this five·year study illustrate that, even when class·
room environments are drastically altered and teachers are willingly immersed in innovation,
change is slow, and sometimes indudes temporary regression. Unfortunately, agendes or
organizations funding innovative programs often expect to see measurable progress or
change within ashort time. In line with other research on teacher change, the data suggest
that teacher commitmem to an innovation will not occur until theysee a positive impaa on
their teaching. Moreover, those searching for away to assess the impaa ofinnovation should
not expect to see adear progression through stages. Problems ofimplementation and adop­
tion may arise, disappear, and then reoccur as teachers and students adjust to the innovation.
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The Study

This studyfocuses onfive
2ndgraders creating a
multimedia presentation
with 'StoryShow, 'a software
application for combining
images, sound and text.

Each task perfonned
was essential but the
director's role became
pivotal to completion of
the assignment.

Technology changes the kinds
oftext children interact with
and the kinds ofinteractions
children have with text when
it is widely used in reading
and writing.

Research literature
shows that technology is
interpretedaccording to
the relationships that already
existed among teachers and
students before technology
was introduced.
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Begun in 1985, Apple Classrooms ofTomoITow (ACOT)SM is aresearch and
development collaboration among public schools, universities, research agen­
cies and Apple Computer, Inc. ACOT explores, develops and demonstrates the
powerful uses of technologies in teaching and learning. In all ACOT endeavors,
instruction and assessment are as integral to learning as technology.

Supporting aconstructivist approach to learning, technology is used as
knowledge-building tools. As students collaborate, create media-rich composi­
tions and use simulations 'and models, researchers investigate four aspects of
learning: tasks, interactions, situations and tools. The research is formative. The
findings guide ACOT staffand teachers as they refine their approach to learning,
teaching and professional development. ACOT teachers and students often use
the most advanced technologies available, induding experimental technologies,
to help us envision the future and improve the educational process.

ACOT views technology as anecessary and catalytic part of the effort
required to fundamental restructure America's education system. We hope that
by sharing our results with parents, educators, policy makers, and technology
developers the lessons ofACOT will contribute to the advancement ofeduca­
tional reform.

Beginning with areview of relevant literature on learning and computers, this report
focuses on agroup offive second graders in the process ofcreating amultimedia presenta­
tion for their class. Using software that combines images, sound and text, the students took
on avariety ofproduction roles. Each one contributed at least one image and sound element
to the final composition. Each task the students performed-rnanipulating hardware or soft·
ware, choosing images from books or directing other students-was essential to the overall
success of the composition, but the role ofdirector, taken on by one girl in the group,
became the key to its completion.

The success of this episode was facilitated, in part, by the teacher's interpretation ofhow
the software might be used, and aclassroom environment that supported the kinds ofinde­
pendent and collaborative activities that the software encouraged.

According to Vygotsky (1978), the tools that we use to manipulate signs - in the form of
language or other symbol systems - mediate our interactions with the world and restructure
our mental activity. In human societies, people perform numerous tasks with the aid of tools
as simple as hammers and saws or as complex: as writing systems. As people use these tools,
they bring changes to both the world around them and to the psychological processes and
representations that underlie the activities (Vygotsky, 1978; Martin & Scribner, 1988).

Technology- when widely used for children's reading and writing activities - is chang­
ing the kinds ofinteractions children have with text, as well as the kinds of texts with which
they interaet. New computer-based tools combine text, sound, image and video in various
ways - as in videodiscs and video games - providing new methods for creating texts. In this
report, we see how amultimedia composition tool designed specifically for children was
used by agroup of five students in asecond grade classroom.
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How each individual child
uses a computer will always
be closely connected to the
social relationshiPs existing
in the classroom.

Children who play video
games and watch television,
haveaninrenextualworld
that stretches beyond the
book, to include panicular
characters and stories as
well as panicular ways of
interacting with texts.

Collaborative tools can help
people produce something
together that no one person
couldproduce working
alone.

How tools are designed will
influence the ways students
can collaborate.
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Any technology is conceived, developed and employed in apanicular social context, and
the influence it has depends greatly upon how it is used in agiven environment. Putting a
computer in aclassroom is not likely to lead to changes in learning unless the computer­
based activities relate closely to the kinds ofactivities already taking place in that classroom.

In Mehan's (1989) study of the use ofsingle microcomputers in four classrooms, he
describes how the technology was used in very different ways by each teacher, leading to dif­
ferent changes in classroom activity. Mehan argues that the social strul1ure of the classroom
is the key element in understanding how technology will be used. Although panicular uses of
technology may encourage participation, the most important factor is not the computer and
the software, but what is done \\lith them.

Similar conclusions are drawn by Hawkins (1987) in an analysis of Logo use by teachers
and students, by Genishi (1988) who examined the use of Logo in akinderganen classroom,
and by Cochran-Smith (1991) in a review ofword processing research Mth children. This
research supports the assertion that technology is interpreted according to the relationships
that exist in the classroom prior to the presence of the technology.

Writing and Technology
Most research on writing Mth computers has concentrated on cognitive processes

in isolation from particular writing contexts (Cochran-Smith, Paris & Kahn, 1991), while
research on reading and technology has focussed on Computer-Assisted Instruction, such
as reading improvement software (Baiajthy, 1989). Neither of these approaches seems ade­
quate when attempting to explain how a panicular technology is integrated into the culture
ofaclassroom. The kind'i ofchanges that may occur are not likely to be captured if the focus
of research is only on individuals and does not attempt to understand the classroom environ­
ment. The manner in which an individual child makes use ofacomputer will always be close­
ly connected to the presence ofother children and teachers, for it is the social relationships
which exist in the classroom that \\IilI help us understand how and why things happen,
whether or not they involvetechnology.

As Cochran-Smith et aI. (1991) state in their study ofword processing and elementary
students:

Learning to write with computers and learning to teach writing with computers are
qualitative(y different !?"(periencesfrom learning with pencil andpaper. (p. 1)

According to Cochran-Smith, word processing can lead to the use of new social arrange­
ments involving coUaboration and coaching, which in turn shape the theories and practices
ofwriting in the classroom. Although there is little evidence that the quality ofstudent writing
changes when word processors are available, their study indicates that children may spend
more time writing, and produce texts that are slightly longer than those created using pen
and paper. \X'hat L'i not clear from the study is whether students who have continuous access
to computers use them differently than students who may use computers once aweek in a
computer lab, or who have asingle computer available in their classroom.

Literacy
. Lemke (1989) has described literacy as knowledge about aworld of texts, and making

connections between them, both to understand and to be understood. Schooling can be
seen as learning to master texts deemed important by a panicular society. Barthes (1974)
views text as just aset of potential meanings which are only realized through the reader-text
interaction. This interaction is complex and gready influenced, as Lemke notes, by other text
Mth which areader is familiar. For children accustomed to video games and television, their
intenextual world stretches beyond the lxx)k to include panicular characters and stories as

Multimedia Composing;2



Tbe opportunity to record
and ana(yze tbe public
tbougbts and writing
actidties ofstudents is an
admntage hrought on hI'
collaboratil'e /l'riting.

Toolsfacilitating
collaboratil'e composing
could be improl'ed if
designers understand u'bat
kinds ofcollaborations are
caluable and bou) software
design relates to use.

StoryShOlt' was conceived
to help children construct
stories that incorporate
images and written and
oral language. However
this studv indicates that is
not necessarilv how the
softuare U'ilI he used.

Tbe software used a slide
show metaphor. Each slide
can consist ofan image, text
and sounds.
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well as panicular ways of interacting with te.xts.
Barthes differentiates between "re-delerly" anel "writedy texts". The \vritedy text gives the

reader more room to maneuver. and the reader is more actively involved in creating mean­
ing. With re-deledy text, in contra'i[, the reader is left to accept or reject what is presented, and
mel11ing is often ovedy-determineel by the writer.

This dL'itribution of power anel control between text and reader, and the role it plays in
how meming is arrived at, seems akey point in understanding the reading and writing of
children who are accustomed to different kinds of te.....ts, such as video games, which may be
seen as very "writedy." Achild interdcting with avideo game ha.'i a large amount ofcontrol
over what happens as the game progresses. When the same children create or re-dd te.'\t, simi­
lar options may not always be available. When they are, as in the case of multimedia technolo­
gies and computers, children may find the kind'i of interactions possible a more natuml
extension ofvideo games than bmk-; or other activities available to them.

Computer Supported Cooperative Work
In a review of tools for collabordtion, ivlichael Schrage (1990) makes adistinction

between increasing communication and increasing collaboration, and emphasizes that differ­
ent tmls are needed for collabomtion. Schrage defines collaboration as shared discovery or
shared creation, and shows that the need for collaboration is great when people deal with
comple.x problems or when people \vith different areas ofe.xpertise need to work together.
Collabomtive tools can help people produce something together that no one person could
p[(xiuce working alone.

How tools are designed \vill influence the kincls ofcollaboration they encourage. The
desk according to Schrage, L'i designed for the individual working alone. The same could be
said for most computer software, which usually assumes one user \Vith one keyboard and
one mouse working on one computer. Tools for collaboration can help people develop what
Schrage calls a"shared space," The shared space can be generated by people separated by
time and distance, but it is through the use of the shared space that acollaboration \Vill be
shaped. Language L'i the primary way in which this shared understanding is developed, for as
Schrage points out, language is the primary tool for collaboration.

While not primarily focused on the collaborative aspects ofsoftware design, several stud­
ies ofword processing among children have considered how the use ofcomputers for writing
encourages collaborative writing. Heap (1989) points out that collaborative aCtivity makes pri­
vate cognitive processes public - students have to negotiate the use of the computer. and
development ofa text, through language. For research purposes, the opportunity to record
and analyze the public thoughts and writing activities ofstudents is an advantage brought on
by collaborative writing. Dickinson's study (986) on the use ofacomputer for writing in a
first-second grade classroom focussed on the social structure that arose as the computer was
used, and examined the planning, self-mOnitOring and response to writing that occurred as a
result. In this case the computer was integrated into the pre-existing writing curriculum and
treated as another tool for writing by the teacher, but its use led to more opportunities for chil­
dren to talk among themselves than wa.'i possible when they wrote with pencil and paper.
Both Dickinson and Heap looked at classrooms ""ith one computer, and with word processing
software designed with asingle user in mind. In both cases, the cooperative aspects ofcom­
posing are defined socially, and are not primary features of the writing tools in use. Students
collaborated because they chose to work together and because there was ashortage of tools.

Neither of these studies provides adefinition ofcollaborative te.'\t.ls astory written by
one child 'With help from acomputer aSS1'itant collaborative in the same way that astory joint­
ly composed by two student'i is? Certainlv collaboration in writing can exist at anumber of
levels. but ifbetter tools to facilitate collal~)mtive composing are to be designed, there neecls
to be an understanding of what kind'i ofcollabJration are valuable, and how software/tool
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This analysis discusses
how students allocated
composing tasks and bow
the social interactions that
occurred when the software
was usedfit into the class'
overall social structure.
It also discusses the
relationship between
software design, intended
use and actual use.

Students weren't assigned
specific tasks by the teacher.

Multiple technologies in the
room allowed each students
to play several roles.

Donnie controlled the mouse
pointing device for most
events dUring the
composingprocess. However,
technical control didn't
translate into content
control.

APPlE CL-\SSROOMS OF TOMORROW

design relates ro use in classrooms.
In this report we examine the use ofStoryShow, amultimedia composing tool con­

ceived to help young children construa srories that incorporate images, and written and oral
language. It was designed for use by two students, although in this case it involved more,
",ith particular features designed to encourage collaborative composing, editing, and the
sharing of tasks. The primary questions for this study are:

• How does each child get to play the role ofauthor?
• How does the sharing of tasks reflect the social struaure already existing in the

classroom?
• How does the intended use of the software differ from how it is aaually used in

the classroom?

The research method employed in this study is micro-ethnographic. The overall goal of
the larger ACOT study, ofwhich this report is one part, is to understand classroom learning
activities from the point ofview of the participants, to describe how innovative educational
tools move from design to actual use, and to show how that knowledge may be applied ro
future designs.

This study took place in asecond grade classroom in the Silicon Valley area ofCalifornia
as part of long-tenn research conduaed by the Apple Classrooms ofTomorrow project of
Apple Computer, Inc. The second grade teacher chose to participate in the field-testing of
StoryShow, which had previously been in use in the first and fourth grade classrooms of this
ACOTschool.

The teacher in this classroom, Ms. Boston, had been teaching for 29 years, induding the
previous three years as an ACOT teacher. She had become accustomed to teaching with tech­
nology, and had made some adjustments because of it, but she was not as eager to use new
software and hardware as some other teachers in the school and preferred to have assistance
when trying out new technologies.

The school population is drawn largely from middle to upper socioeconomic families,
with many parents taking astrong interest in their child's schooling. In Ms. Boston's class
there were 27 students, approximately 70 percent Anglo and 30 percent Asian. The five stu­
dents participating in this study were chosen by the teacher, and the activities were condua­
ed dUring the natural course ofevents in the classroom.

The classroom itselfwas unique in terms ofthe amount oftechnology available to stu­
dents and teacher: eight Macintosh® computers, three scanners, alaser printer, and a
MacRecorder. In addition, there were 16 Apple IT GS computers, eight dot-marrix printers
and two video cassette recorders with color monitors. Another Macintosh, connected to a
videodisc player, was shared with another classroom.

Students used the computers for writing in journals, composing stories or drawing or
creating animation. Computers were not used for playing games in the classroom. Over the
course ofaday, students were likely to use acomputer for atotal ofabout one hour.

Reading and writing activities were integrated in Ms. Boston's classroom. Children often
read aparticular type ofstory as agroup, an additional story on their own, then wrote their
own story on the same topic. The open atmosphere in the classroom allowed students to
move around relatively freely, so collaboration ofvarious kinds was likely to take place
throughout the day. Collaboration might involve one student assisting another with acom­
puter task, or with spelling, or could be agroup activity with students reading aloud or aaing
out parts ofastory.

Multimedia Composing/4
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Julie was recognized
by the other students as the
activity's leader and she
dominated content.
Students turned to herfor
decision-making.

Rick controlled the
microphone, even when it
wasn't in use. However,
microphone control had
little impact on content or
panicipation. When she
needed it, Julie physically
took control ofthe
microphonefrom Rick.

The primary activity observed and recorded in this study was the use of the multimedia
composing software StoryShow, during one morning session in Ms. Boston's classroom. The
software was developed at Apple Computer, Inc. for several months befOre it was introduced
in classrooms. StoryShow was conceived to help children construa stories that incorporate
images and written and oral language. As this study indicates, that is not necessarily how it
will be used in classrooms.

StoryShow is presently designed to run on Macintosh computers with color monitors.
integrating video capture, scanning, sound input, and text. The video, image scanning, and
sound elements are provided through additional devices attached to the Macintosh - an 8
mm video camera connected to the Macintosh using avideo capture board, an Apple flatbed
scanner for images in books or drawn by hand on paper, and aMacRecorder for sound input.
Each of these devices can be a(cessed directly from StoryShow via amouse click.l The soft­
ware uses the metaphor ofaslide show, \Vith each slide potentially consisting ofan image,
text, and sound. The resulting multimedia text can be played back on the screen as aseries of
images, sounds, and te.xt, and it can be saved to avideotape whlch can then be replayed on a
video cassette recorder at home or in school.

lnitial testing was conducted informally on pairs of six and seven year old children. This
was done early in the design and programming phase of the project to ensure the program
was not too complex for the target audience. Additional testing continued with first and
founh graders in volunteer classrooms, and was ongoing during the time of this study.

The final slide show
produced by the group is
evidence ofthe cooperative
nature ofthe composing
process, but it masks the
way students arrivedat the
final text.

StoryShow uses a slide
show metaphor to
combine text, images
and sound.
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The data for this study were colleued over afive-week perioo and consisted offield
notes from observations ofclassroom activity, videotapes ofstudents working in the class­
room and using StoryShow, avideo taped traCe ofwhat students prOOuced on the computer
screen, the computer files of their work, and a taped interview with the teacher.

The students in Ms. Boston's class were initially introduced to StoryShow in a60 minute
demonstration. Several children panidpated directly, and the entire class chose pictures and
sound that went into the final text. The following week agroup ofsix children built amulti­
media composition using StoryShow.

The students' next use ofStoryShow, and the one reponed in this study, occurred on a
day when the classroom was being used as the background for a local television show about

I A"mouse," is an input device supplememarv to a computer keyboard that fIcilitales the manipulation oftext and images. The mouse
includes abunon,which when pressed or "clicked" causes an action to occuron the screen.
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EL'en in the cases where
sounds or images were
supplied by someone other
than julie, the "director, "she
often had thefinal say as to
what image was used and
li'hich sounds accompanied
li'hich images,

The boys showed more
interest in controlling the
hardware than in actual(v
choosing what went into the
composition. Their language
implied a link between
device control and actual
production that didn't exist.
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computers and education, Students were assigned to StoryShow to illustrate the kinds of
activities students carried out "'1th computers, Filming for the television show lasted about 35
minutes, with some disruptions, and Sto1J'Show activity then continued for an additional 90
minute,;,

The student work group const'ited initially of two boys, Rick and Donnie, and two girls,
Julie and Amber. Athird girl, Mary, joined the group near the end of the activity, All students
in this group are Anglo-American with the exception ofDonnie, who is Asian-American.

During data colleaion Ipanicipated as a technical assistant to the children, correcting
problems that came up during their use of the software. I tried to refrain from providing
assistance on content questions entirely, and kept my technical help to the minimum neces­
sary to allow the children to use the software.

The videotapes ofchildren working at the computer and the trace oftheir interactions
with the software were reviewed and categorized by the events, partidpant structures and
content produced. Idefined an event as bounded by the start ofany aaivity designed to add
a new element to the composition, and the completion or abandonment of that activity. I
focused on who was operating each of the two main control devices (mouse, microphone),
who provided the content during the given event, and who made the final decision on con­
tent for that event. For content, Iconsidered the use of the three elements available in each
slide - image, sound, and text.

The goal of this analyst'; was to understand how the students allocated composing tasks
as they used the software, to understand how the sodal interactions that occurred while stu­
dents used the software fit into the social structure of the classroom, and to consider the rela­
tionship between the design and intended use of the software, and how it was aaually used
by students.

~. ,"") i ",)..
)

PartiCipant structures were examined in two ways - software control (use of the
mouse), and content control (who seleas what goes into the composition and who decides
what actually gets saved as pan of the final produa,) The students were not assigned specific
tasks by the teacher, but the presence of multiple technologies allowed each of the students
to play various roles. In this case, both boys gravitated towards the computer while one ofthe
girls,julie, took control of the content.

Donnie controlled the mouse during 37 of the 44 total events I identified in the compos­
ing process, but thi,; technical control did not translate into control over content or turn-tak­
ing. Content was dominated byJulie, who initiated actions that started 18 new events, and
decided whether or not a particular sound or image would be saved for 38 of the 44 events
(often sharing the decision with others.) Julie was recognized by the other students as the
leader of this activity, as they often turned to her when adecision had to be made. This was
consistent with other activities in the classroom, andJulie's skill as a leader was noted by Ms.
Boston both during the time the group worked with StoryShow and in an interview. During
most of the composing process, Rick maintained control of the microphone, even when it
was not in use. Control of the microphone had Iitde impaa on content or partidpation, and
when she needed it,Julie physically took control of the microphone from Rick.

The final slide show produced by the group gives evidence of the cooperative nature of
the composing process, bur through the presence of multiple authors, it tends to mask the
way in which students arrived at the final text.
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Even in the cases where sound or image input was supplied by someone other than
Julie, she often had the final say as to what image was used or what sound went with the
image. For Mary and Rick, Julie provided assistance in selecting an image and coached them
on the exact content of their sounds by speaking the words herselfand having the other
child repeat them before anempting to record the final sound. While this might seem an act
ofdominating the content, in each case, Rick and Mary were not quite sure what to sayar
what to put in, andJulie's actions could be seen as those ofa more able peer providing the
scaffolding necessary for the other children to successfully complete the task.

The following example illustrates the composing process used by this group. (In each of
this example, Iam identified as the 'l\ssistant''). In the first example we see how the students '
have structured the process themselves, They have chosen to create aseries ofslides using
books about rabbits they have read in class.

Speaker What is said

As students progressed
through the composition,
more and more time was
spent pre-editing. Images
and sounds were rehearsed
and oriented carefully before
recording or capturing.

Colored icons represented
actions controlling the
software, In conversations,
students referred more to the
colors than the actions.

Donnie: Come on get some pictures. Where's the books?

Related Actions

Donnie using mouse

Julie and Amber get books and hold them in front of the camera

Julie: There it is. Iwant to hold it up (To Amber).

Assistant: What do you guys want to do?
While composing with

Julie: Do the many rabbit stories of
StorySbow was clearly an Mrs. Boston's class.
extension ofthe usual
reading and writing Donnie: Get closer, get close.

activities, it also required Julie: No, why don't we hold up, why don't we hold
students to manage a van'ety up all of the books in front of the camera?
ofnew roles.

Julie: (To Rick and Donnie) OK you guys grab abook.

Donnie: I'm not, I'm taking pictures.
mouse

• Julie: Grab abook! (emphatically)

Rick: And Iam making sounds

Julie takes book

Ju lie sets book down

Julie backs away from
camera

Donnie still controls

Amber gets abook

Both boys here show more interest in having control of the hardware than in actually
choosing what goes into the composition, Their language - "I'm taking pictures," and "I am
making sounds" imply a link between control of the devices to create the pictures and
sounds and the actual production ("making") of them that didn't really exist. ('Mrs, Ellis' is
the school's computer coordinator).

Speaker What is said

Julie: Grab two if you want to.

Related Actions

Julie: (To Rick and Donnie) Here, take two. Ju lie hands them books

APPlE ClASSROOMS OF TOMORROW

Julie: Let's all get in front of the picture.
All of these in front.

Everyone holds up books. Julie has organized the group to take the picture.
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Related ActionsTaking apicture involved
positioning a selected image
in front ofa video camera
and pointing to the correct
icon on the computer screen.
The softwarefroze the image
momentarily giving students
an opportunity to qUick~v

el'aluate it.

Speaker What is said

Julie: Uh oh, I have three.

Rick: Let's call this the introduction.

Julie: Hey no you guys...(unintelligible)

Rick and Donnie are holding their books up and they are blocking everything else

Julie and
Amber: Rickl

Julie: Can you hold this one?

Rick: It won't get, it won't fit

Donnie stands up.Well, we all put in.

Donnie, your face is in the way (laughing)

Donnie, put the other one, the Peter Rabbit book in the front

How am Igonna take apicture though?

Let me see?

Donnie:

Julie:

Julie:

Julie:

Julie:

The software was designed to
save images automatical~v,

but offered a choice ofsaving
or re-recording sound.

Assistant: Who's gonna click the mouse?

Donnie: Iwill.

•

Image editinggeneral~y took
place before it was captured.
Images once in the computer
were rare~v rejected or
re-taken.

Julie:

Julie:

Rick:

Julie:

Donnie:

Julie:

David:

Mrs. Ellis.

Mrs. Ellis, could you, could you, could you?

All right, do it

Donnie, put up both of them, Mrs. Ellis's gonna do it

I can hardly do this.

Donnie, put up both of them. Put 'em together.

Ah, what's this? This is crazy

Julie leaves

Points to computer

David wanders over

David was not pan of the group but happened to walk over to that pan ofthe classroom
as they were working.

Speaker What is said

Julie: Are they both in the picture?

Rick: No.

Mrs. Ellis: There.

Donnie: Take apicture

Mrs. Ellis: Ready?

Julie: No, wait Can you see all the books?

Related Actions

Standing next to computer
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This is an e.'<ample of the son ofattention to content and editing that took place, primar­
ilyas initiated byJulie. during the composing process. As they progressed through the com­
position, more and more time was spent pre-editing, that is, images and sounds were
rehearsed or oriented carefully before recording or capturing.

Speaker What is said

However. sounds recorded
for each slide were more
oJien rejected and
re-recorded. For the final
slide, students recorded the
~'ound sLr times before
savinI? it

Assistant: Now click on the lace, the face.

Related Actions

Mrs. Ellis: Where's the mouse? What face, which face? Couldn't find cursor

The students referred more to the colors ofobjects on the screen than to the icons which
represented the actions that would be initiated by clicking those objects with the mouse.

Speaker What is said

Ol'er the years, the teacher
changed her teaching style to
better suit her students. who
commonZ~1 use interactil'e
technologies such as video
games and computers as u'ell
as the l'isuallv compellinl?
medium-television.

Assistant:

Donnie:

Mrs Ellis:

Mrs. Ellis:

On the yellow.

This one. (points to yellow icon of aface)

OK on the yellow Got it.

Ready? Tell me when?

Related Actions

Julie: No, we don't have all the books in.

Mrs. Ellis: There... now Go

Picture is taken and appears on the screen after about five seconds

Makes adjustments w/books

'While composing \\lith StoryShow can be seen clearly as an extension of the reading and
writing activities usually carried out in class - reading stories and then writing about them ()r
creating original stories on the same topic - it also required that students manage avariety
of new roles, Julie initiated the event by distributing books and positioning the other stu­
dents in front of the camera, and it was her idea to show several books in the picture as awa\,
to capture what thi'l composition was about - "The Many Rabbit Stories ofMrs, Boston's
Class," However, the successful completion of the image required the cooperation ofeach
student as well as the assL'lrance of the school computer coordinator (Mrs. Ellis) who was in
the room to help \\lith the film crew. The process of taking the picture involved selecting an
image, framing it by arranging people and objects in front of the camera, then capturing the
image by clicking the mouse on the appropriate button on the screen. At this point the cap­
tured image free-led momentarily on the screen. where it could be evaluated by the students.
For each slide in this example, what might be described as editing ofaslide took place before
the image was captured. Once an image had been put into the computer. it was usually saved
as-is and rarely rejected or retaken, Sounds recorded for each slide in the show were more
often rejected and re-recorded.

It is interesting to note that the way sounds and images were designed to be processed
by the software, paralleled their use bv the students. Recorded sounds were immediately
played back by the computer, giving students the choice ofsavingor re-recording the
sounds. For the final slide in this e.xample. students recorded the sound six times before sav­
ing it. ll1e software originally worked the same way for sound or images: once recorded or

All: Yeah!

Using as many different
teaching methods became
important to the teacher
hecause one child might tune
out sound but respond well
to visual information, while
another has the opposite
reaction.

Donnie: Do you Iike that? Using mouse
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Julie began the practice of
discussing the soundfirst,
then practicing it before
attempting to record it.
Immediate feedback from the
computer seemed to make
sound editing easier. .

The way StoryShow was
used related closely to
the classroom's social
organization-especially in
the roles studentsplayed.

Independent work in this
classroom was common.
Students also worked in
smallgroups, helping each
other with both technology,
and non-technology
activities.

APPLE CUSSROOMS OF TOMORROW

captured, the sound or image would automaticallyget saved into abank ofavailable sounds
and images for later placement. Modification of the sound input facilitated editing by forcing
achoice to save or re-record the sound.

The use ofa trial run for sounds seems to have developed as aresult of hesitations
which came up during most of the recordings during the first session. Initially, the sounds
were generated on the fly, as they were recorded. During asecond session, Julie began the
practice ofdiscussing the sound first, then practicing it before attempting to record it. The
immediate feedback from the computer seemed to make this editing easier, as children
heard their work right away, and then had the option to save it or record it again.

Another curious aspect of the use ofStoryShow is the gender-related differences in
their chosen roles. Donnie and Rick were more interested in having control of the computer
through the mouse and microphone, and seemed less interested in adding content to the
composition. Julie initiated the turn-taking that allowed everyone to have arole in content,
and although bothJulie and Amber created two slides each, there was no resistance to this
from Rick or Donnie, who each created one. The same orientation to the composing process
was apparent in other episodes in which these students were involved, with both boys
focused on controlling hardware whileJulie had control ofcontent and orchestration.

In this classroom, as in the first and fourth grade classes, the way StorySJxJw was used
related closely to the social organization of the classroom, especially in the roles students
played, their freedom to move around, and ways ofworking: cooperatively, independently,
or for an audience. While Ms. Boston stated ''I'm not terribly comfortable with technology
but I've gotten way more so," she also noted that technology, both inside and outside her
classroom, had had an effect on the way she taught. At the ourset of the ACOT program, Ms.
Boston maintained a"lecture-oriented" teachingpractice. Students were allowed to become
fumiliar with the computer in alimited way, but it was mainly used to tutor or drill individual
students working alone. Over the years, however, she changed her teaching style to better
suit her students, who commonly use interactive technologies such as video games and com­
puters, as well as the visually compelling medium oftelevision, outside the classroom. This
led her to involve students in more physical ways in the classroom, using dramatization of
stories where students act out particular roles within a text, or choral speaking, where stu­
dents share in the reading ofbooks. In her opinion, achild might tune out sound but
respond well to visual information, or vice versa, and providing as many opportunities as pus­
sible became important to her. This change in reaching style, Ms. Boston remarked, is in part:

...Because once again I'm in competition with what'sgoing on outside the classroom, so
I think 1try to change activities so they're involved. Without technology, they're involved
doing dramatiZiltion or in choral speaking or in coming up anddoing an example.
Butphysically they're involved because1think physically they're involved in a lot of
things outside the classroom.

An additional change was that the computer was no longer studied for knowledge ofits
components or functions. Ms. Boston's students were already tutored in computer basics in
the first grade, so most were already fumiliar with the keyboard and had begun to master
touch typing.

Independent work in Ms. Boston's classroom was common. They wrote daily journals
on the computer, and they also helped each other by proofreading and offering suggestions.
Students also worked in small groups on computer-oriented tasks and they helped each
other in both technology and non-technology activities. Ms. Boston used aprocess-oriemed
approach to writing, with achart on the wallUsting various steps in the writing process as a
guideline for children - pre-writing, writing, revision, etc. In this classroom, the process of
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